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spectrum transient reactors capable of numerous high energy fast transients which are designed to expose

fissile specimens to extreme conditions.

2. Review of Precedent Transient Reactor Fuels

The following four sections discuss precedent transient reactor fuel designs categorized by their

fundamental approach toward providing neutron moderation and negative temperature feedback. These

categories include graphite-based designs, UO2-based designs, metal-hydride designs, and beryllium-

based designs.

2.1. Graphite-Based Fuel Designs

The first transient test reactor purposed for fuel safety research was the Transient Reactor Test facility

(TREAT) which was constructed in the 1950s at what is now the Idaho National Laboratory (INL) [13].

TREAT began operation in 1959 and performed numerous transient tests on myriad specimens until 1994

when it was placed in a standby status for budgetary reasons. Decades later, TREAT was refurbished and

began irradiation tests again in 2018 [14] using its original driver fuel. Not long after TREAT was first

commissioned, the Impulse Graphite Reactor (IGR) in Kazakhstan began operation in 1961 [15]. Like

TREAT, IGR has performed numerous tests over the years and remains operational to this day. These two

reactors are mentioned together because of their similar fuel designs and resulting facility attributes. Both

TREAT and IGR have large cores which are primarily composed of graphite blocks having a dilute

amount of fissile material dispersed in them. A high graphite to uranium ratio yields well thermalized

neutron energy spectra [16] which is desirable to induce fission heating in fuel specimens. These core

designs have a sizeable epithermal neutron flux so hydrogenous moderators surrounding test specimens

can be used to further thermalize flux and boost fission heating in specimens.

Due to their high 235U enrichment, these core designs provide little negative temperature feedback

through doppler broadening. Instead, the graphite matrix quickly heats up which increases neutron energy

and leakage probability to affect reliable negative temperature feedback. This temperature feedback,













Another notable reactor to use this fuel system is the Cabri facility in France. Both of these reactors were

constructed in the 1960s and have rich histories in fuel safety research. SPERT-CDC was

decommissioned decades ago. Cabri continues to operate to this day as the centerpiece for an international

program in LWR RIA research, especially after installation of a pressurized water loop [28]. Cabri uses

UO2 enriched to 6% [29]. Figure 4 and Figure 5 below illustrate the core layouts and fuel rod locations in

SPERT-CDC and Cabri, respectively.

Figure 4: SPERT-CDC Elevation View (left) and Core Map Showing Arrangement of the Fuel Rods

(right) [26]









Figure 6: Cutaway view of PBF reactor (left) and core map (right) from previously unpublished facility

brochure [37] (core map image was split across booklet centerfold and could not be fully scanned)

Figure 7: Example PBF transient power shapes (left) and PBF capabilities (right) from previously

unpublished facility brochure [37]



Figure 8: Overview of PBF Fuel Rod [31], Dimensions in Inches

2.3. Metal Hydride Fuel Designs

The uranium-zirconium hydride (U-ZrHx) nuclear fuel system has been used widely since the late

1950s in Training, Research, Isotopes, General Atomics (TRIGA®) reactors, space reactors such as the

Systems for Nuclear Auxiliary Power, and (more recently) microreactors such as the Microreactor

Applications Research Validation and Evaluation reactor [38]. Many of these reactors are regulated by the

United States Nuclear Regulatory Commission and are designed with pulsing capabilities; hence, this is a

well-known fuel system qualified for transient operation. U-ZrHx fuel is currently manufactured by

TRIGA International. One critical characteristic of the U-ZrHx system that enables pulse operations is that

the uranium, moderator (hydrogen), and small amount of neutron poison (erbium) are in an approximately
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